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eq.(1). For a homogeneous and isotropic universe T

necessarily takes the form of





















where , p, and U

are respectively the energy density, pressure and four-velocity of















































where a(t) is the scale factor of the universe and k =  1; 0;+1 for a universe that
is respectively spatially open, at, and closed.
Be it dened as `empty space' or `the state of lowest energy' of a theory of par-
ticles, the vacuum has a lot of energy associated with it. The energy of the vacuum
per unit volume, the vacuum energy density, has numerous sources. Virtual uctu-
ations of each quantum eld corresponding to a particle and the potential energy of
each eld contribute to it. Stipulating that the vacuum be Lorentz invariant entails











is the only 44 tensor that is invariant under Lorentz transformations.







[6]. According to our current understanding, the value of the
density of energy that resides in the vacuum has no relevance in nongravitational
physics both at the classical and quantum levels. However, being a form of energy
density, 
vac















is the total energy-momentum tensor of the space other than that
of the vacuum. With T
vac


































































This means that even if the bare cosmological constant 
b
is zero, the eective
cosmological constant is not. Anything that contributes to the energy density of the













. The critical energy density of the
universe, 
c




































































Since no eects of the spatial curvature are seen, the curvature term in eq.(10) can
be safely neglected. Observations give us that 

0
= 0:1   0:4, with dark matter






















As well known, this is in great disagreement with the values predicted by gauge
eld theories, of which the best example and the experimentally well established
one is the electroweak theory [7, 8, 9]. In this theory, as a result of spontaneous
symmetry breaking with a Higgs doublet , the minimum of the potential of 































where it is assumed that the potential vanishes at  = 0, and a Higgs particle of
mass M
H
 150 GeV together with v = 246 GeV have been used. These are larger





by a factor of 10
55















to their small values today. So, in the context of Einstein's general
relativity theory, the cosmological constant problem is to understand through what
natural mechanism the vacuum energy density 
vac
got reduced to its small value
today. It is not why it was always small. Many dierent approaches to the problem,
none being entirely satisfactory, have been tried [2]. The idea which triggered the
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solution that we shall present here belongs to Feynman. In an interview on Su-
perstrings, while talking about gravity he said [12]: `In the quantum eld theories,
there is an energy associated with what we call the vacuum in which everything has
settled down to the lowest energy; that energy is not zero-according to the theory.
Now gravity is supposed to interact with every form of energy and should interact
then with this vacuum energy. And therefore, so to speak, a vacuum would have
a weight-an equivalent mass energy-and would produce a gravitational eld. Well,
it doesn't! The gravitational eld produced by the energy in the electromagnetic
eld in a vacuum-where there's no light, just quiet, nothing-should be enermous, so
enermous, it would be obvious. The fact is, it's zero! Or so small that it's com-
pletely in disagreement with what we'd expect from the eld theory. This problem is
sometimes called the cosmological constant problem. It suggests that we're missing
something in our formulation of the theory of gravity. It's even possible that the
cause of the trouble-the innities-arises from the gravity interacting with its own
energy in a vacuum. And we started o wrong because we already know there's
something wrong with the idea that gravity should interact with the energy of a
vacuum. So I think the rst thing we should understand is how to formulate grav-
ity so that it doesn't interact with the energy in a vacuum. Or maybe we need to
formulate the eld theories so there isn't any energy in a vacuum in the rst place.'
The purpose of this letter is to point out that (i) such a formulation of gravity in
which the free electromagnetic and vacuum energy does not disturb the emptiness
of space, just like the free gravitational energy, in the sense that their eects are
already implicitly included on the left side of the eld equations has recently been
formulated by us [13, 14] and (ii) there does not exist a cosmological constant prob-
lem in this formulation. This new formulation, however, is not only a formulation
of gravity but also a unied description of gravity and electromagnetism through
a symmetric metric tensor. The impossibility of describing the motion of charged
particles with dierent charge-to-mass ratios in an electromagnetic eld by a sin-
gle geometry leads us to consider classes of geometries corresponding to dierent
charge-to-mass ratios. This way the electromagnetic force on a given charged test
particle can be geometrized [13]. Consider an object with a distribution of charged




. Let there be another distribution of
matter M and charge Q external to the object. Let also a test particle of mass
m and charge q be moving in the charge distribution external to the object. The

























































is the (Coulomb) electric constant, T
M

is the matter energy-momentum








(Q) are the energy-
4
momentum tensors due to the electromagnetic elds of the object and the charge
distribution outside it, respectively. T
CC


















































being respectively the charge density, current density, and the



















is not an energy momentum tensor. The right-hand side of eq.(13) does not
contain the energy- momentum tensor of the electromagnetic eld due to the charge
distribution of the object. For example, the eld equations describing a spherical






































































instead of eq.(15), where T
EM

is the energy-momentumtensor of the electromagnetic
eld of the charged sphere. Einstein's general relativity is a theory of gravitation.
Our general relativity is a theory of gravitation and electromagnetism. As well
























































To sum up, this new formulation of general relativity describes gravitation and
electromagnetism as an eect of the curvature of spacetime produced by matter
energy and electric charge. We have suggested a very simple deection of electrons
by a spherical charge distribution experiment in ref.[14] to distinguish between the
two theories.
Having presented the salient features of our formulation, we can now present
our solution to the cosmological constant problem: The vacuum energy today is as
large as it can be. It has the same very large energy density today as it had in
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the early universe. The contribution of the vacuum to the cosmological constant is
simply zero. This is because no form of energy-momentum tensor except for that
of the matter is allowed on the right side of the modied eld equations (13). The
eect on the curvature of spacetime of any form of free energy like gravitational,
electromagnetic, and vacuum is already included (implicitly) on the left of eq.(13). In











whereas in our formulation 
vac
= 0  
vac
= 0. As for the bare cosmological
constant 
b
in eq.(1), one may mathematically include it in our eq.(13). But it
cannot have the physical meaning of a some sort of bare contribution to the eective
vacuum energy density. If, somehow, there is an unknown bare contribution 
b
to





= 0 in our formulation.
In conclusion, if a metric unication of gravitation and electromagnetism is real-
ized in nature, then gravitation is no dierent from other interactions so far as the
eects of the vacuum energy are concerned. The vacuum energy density and the cos-
mological constant are not related; the former has a very large value while the latter
does not exist at all. Immediate performance of the experiment of the deection of
electrons by a positive spherical charge distribution [14] cannot be overemphasized.
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